Objective: To determine if the application of radiofrequency ablation to advanced head and neck cancer (HNC) would result in local control of the tumor.
H
EAD AND NECK SQUAMOUS cell carcinoma (SCC) accounts for approximately 5% of malignant disease annually diagnosed in the United States. Most patients with this type of cancer present with stage III or stage IV disease. Despite advances in surgery, radiation, and chemotherapy, patients with stage III and stage IV cancer continue to have a 60% rate of locoregional recurrence and a 3-year survival rate of less than 30%. 1 Symptoms such as dysphagia, dysphonia, dyspnea, progressive pain and discomfort, and physical deformity are caused by local recurrence and lead to clinically significant disability. Despite palliative chemotherapy and pain management, most patients with unresectable and recurrent cancer have a miserable quality of life (QOL) and ultimately die of their disease.
A major problem in the treatment of these patients is the lack of an effective modality to address the disturbing symptoms of locoregional recurrence. Salvage surgery for advanced recurrent head and neck cancer (HNC) is often lengthy, risky, and yields poor results. 1, 2 Often, patients with locoregional recurrence become significantly debilitated and are not candidates for radical surgery either because the recurrent lesion is unresectable or their medical comorbidities are prohibitive. Reirradiation is another option for salvage and should be a strong consideration for any patient thought to be curable and able to tolerate that course of treatment. [3] [4] [5] However, there will still be a substantial number of patients with advanced or recurrent disease who are not candidates for surgery or reirradiation and therefore potentially stand to benefit from an alternative treatment modality.
Radiofrequency ablation (RFA) is a minimally invasive means of tissue destruction. The technique involves direct placement of a metal probe that delivers alternating current into the tumor. 6 Intra-tumoral temperatures of up to 100°C are generated, resulting in protein denaturation and apoptosis, thereby producing a mass of inert, necrotic tumor debris. 7 Radiofrequency ablation has been successfully used to treat unresectable malignant liver tumors with minimal complications and promising results. 8 However, to our knowledge, prior to our series, this approach has not yet been applied to patients with unresectable HNCs. Over 4 years we developed and tested the application of RFA to recurrent or unresectable head and neck malignant tumors.
9,10

METHODS
This single-institution study was performed at the Montefiore Medical Center (Bronx, New York), and the study protocol was approved by the Albert Einstein Comprehensive Cancer Center (Bronx) protocol review committee and the institutional review board. All aspects of care were in accordance with the ethical standards of these committees that oversee human experimentation at our institution, including adherence to all Health Insurance Portability and Accountability Act of 1996 rules. Participants were required to meet inclusion criteria that showed they had biopsy-proven recurrent disease, had received at least 1 prior standard treatment modality, and were ineligible for standard radiation and/or surgical interventions. Inclusion criteria included at least 1 of the following: (1) patient refusal of standard therapies, (2) prior irradiation, (3) medical comorbidities precluding surgery, or (4) judgment by a prospective multidisciplinary tumor board that the functional and/or cosmetic damage of standard surgical therapy warranted consideration of an alternative, albeit noncurative, approach. All participants gave informed consent before the procedure.
There were no absolute contraindications on the basis of tumor size or location. The RFA probes can ablate up to a 7-cm mass of tissue, and multiple ablations are also possible. Tumors near vital structures were still considered amenable to ablation, and great care was taken not to inflict collateral damage. Risk of damage to surrounding structures was carefully explained to each participant during the consent process.
Radiofrequency ablation umbrella probes were used (RITA Medical Systems Inc, Mountain View, California). Up to 100 W of energy was applied in an effort to achieve target temperatures of 100°C. Intratumoral temperatures of 60°C to 100°C for at least 10 minutes were achieved, and tissue temperature and impedance were tracked. Application of energy was continued until temperatures fell and impedance rose, implying no further conduction of energy into the tumor. General anesthesia was used in all cases, and surrounding structures were protected with moist gauze. The actual time of the procedure was usually about 20 to 30 minutes, although the time from induction of anesthesia to emergence was about 60 to 90 minutes.
Computed tomographic (CT) guidance allowed for optimal placement of the needle probe in tumors not easily seen by transoral visualization (Figure 1) . (Details of the imaging considerations for CT-guided RFA have been published.
11
) After induction of general anesthesia, a CT scan was performed. The RFA probe was then inserted, checked, and adjusted with as many CT scans as necessary to ensure accurate placement within the tumor, minimizing the likelihood of damage to surrounding structures. The probe was opened to varying sizes, allowing for ablations 1 to 7 cm in diameter. 10 After placement of the probe tip into the tumor mass, ablation was performed in the CT suite. The participant was then brought to the recovery room and awakened. The same head and neck surgeon and neuroradiology team performed all 21 procedures.
Twenty-one participants were enrolled, and RFA was performed a total of 26 times. Tumor locations included the tongue (in 10 cases), oropharynx and hypopharynx (in 4 cases), floor of mouth (2), neck and thyroid (2), maxillary sinus (1), base of skull (1) , and posterior neck (1) ( Table 1) . End points of tumor size and survival were measured relative to the first RFA procedure (4 participants had Ͼ1 RFA procedure). Eighteen tumors were squamous cell carcinoma of the oral cavity or oropharynx, and the remaining 3 were medullary thyroid carcinoma, basal cell carcinoma, and a posterior neck soft-tissue sarcoma. Seventeen of the 18 participants with SCC had RFA applied to the primary tumor of the upper aerodigestive tract. Only 1 patient had RFA applied to unresectable cervical nodes. In all other cases, RFA was applied only to a single lesion. This phase II study had a 2-stage design. The end point of the study was determined to be response of the treated tumor as measured by comparison pre-RFA and post-RFA CT scans. Initially, a 3-dimensional local control index was devised to incorporate the unique characteristics of head and neck tumors; however, this was difficult to measure uniformly, and the measurements were incomparable with those of most studies that use standard response evaluation criteria in solid tumors (RECIST) measurements 12 for assessment of tumor response. Furthermore, it was quickly recognized that tumors treated with RFA did not shrink in size as in response to chemotherapy or radiation. Rather, immediate necrosis occurred, which gave rise to either liquification or fibrosis. This was followed by either arrest of tumor growth or continued growth of a residual tumor. Therefore, the end point of the study was changed to use standard RECIST measurements assessing for a binary outcome of either progressive disease or nonprogressive disease. The primary outcome of local control was measured and reported in this way for all participants. The RECIST system defines progressive disease as at least a 20% increase in the maximum diameter of the target lesion. Nonprogressive disease is therefore defined as less than a 20% increase in the maximum diameter of the target lesion. A reference group was identified in a somewhat similar group of patients who received reirradiation for advanced HNCs and achieved a 37% response rate. 13 An improvement over the radiation protocol of 20%, implying a 57% response rate, was thought to be clinically interesting.
A 2-stage design was selected to address the primary objective of this study. The optimum design at ␣= 0.05 and a study power at 80% called for 15 eligible participants at the first stage.
14 If there were 7 or more responses, then accrual would continue for a total of 47 eligible participants. Otherwise, the study would be terminated. If 23 or more participants responded at the planned end of the study, then RFA would be considered promising for further investigation. This design had a 0.70 probability of early termination if the true response rate was 37% or less.
Secondary end points included survival and QOL as measured by the University of Washington (UW) Head and Neck Quality of Life questionnaire. 15 Continuous variables are summarized as means with 95% confidence intervals (CIs). Categorical variables are summarized as percentages with exact 95% CIs. Survival experience was summarized using the KaplanMeier estimator. 16 
RESULTS
Completed data were obtained in 13 patients who underwent both preprocedural and postprocedural CT scans ( Table 2) . Eight of 13 patients (62%; exact 95% CI, 0.33-0.83) were shown to have nonprogressive disease.
The median survival was 127 days (95% CI, 61-217 days) (Figure 2) . The median length of hospital stay following the procedure was 3.0 days (interquartile range [IQR], 2.0-6.5 days), with shorter stays following the more recently performed procedures.
The UW QOL surveys in 11 participants showed an index increase by a median of 3.0 percentage points (mean, 2.7 percentage points), with 8 of 11 (73%) showing improvement. Difficulty obtaining consistent patient follow-up in this population precluded our complete collection of QOL data. It should be noted that over half of the participants reported subjective improvement in pain, function, and/or appearance at various intervals after they received RFA.
Adverse events associated with the procedure included 1 carotid hemorrhage resulting in death, 2 strokes, 1 increase in size of a preexisting orocutaneous fistula, 2 cases of cellulitis, 1 central venous catheter infection, and 2 instances of pneumonia. Besides the death and 1 of the strokes, the other adverse events were transient and had no lasting effect on the participants. The 2 major adverse events are further described as follows. Patient 19 had a recurrent tumor of the oropharynx overlying the carotid artery. This was treated effectively with RFA. Eighteen days after the procedure, the patient had a massive carotid hemorrhage and died. We postulate that with the tumor ablated, the carotid artery was exposed to the saliva of the pharynx, which eroded the carotid wall.
Patient 20 also had a recurrence of the oropharynx, which was treated with some modification (more distance [1 cm] from the carotid artery and less energy [80 W instead of 100 W]). However, an immediate postoperative scan indicated tumor destruction with carotid artery exposure. In an effort to avoid the complication of carotid hemorrhage in this patient, the carotid artery was coil embolized. This did prevent the complication of carotid hemorrhage; however, the patient suffered an ipsilateral stroke with resultant hemiparesis despite having passed balloon test occlusion of this vessel. We conclude from these 2 cases that tumors on or near the carotid artery should not be treated with RFA at the energy levels used. Further research, perhaps in animals, is necessary to determine if a lower level of energy would be safe and effective for such tumors.
Nonprogression of disease in 8 of 13 patients achieved the goal of 7 or more responses for the primary outcome of local control (albeit with revision to the RECIST system and to an end point of nonprogression rather than partial or complete response). This would then have led us to continue the study to a total accrual of 47 patients. However, the 2 major adverse events, the need to change the original criteria for assessing tumor response, and the difficulty in obtaining long-term follow-up, caused us to conclude the study.
The primary problem in completing the study as planned was the inability of a number of these patients to follow through with the planned posttreatment imaging. Many patients were quite debilitated from their prior treatments as well as from their recurrent disease. Many also had social constraints preventing them from proper follow-up. Therefore, only 13 of 21 patients obtained postintervention scans, and these ranged from 17 to 392 days after RFA (median, 44 days; IQR, 22.5-103.5 days).
Positron emission tomography (PET) imaging was useful in identifying a persistent tumor after RFA in 1 participant, though this was not part of the study protocol. Positron emission tomographic imaging has been increasingly used for surveillance of liver tumors treated with RFA, 17 and PET imaging studies may be a helpful adjunct for future study to determine if post-RFA tumor masses seen on conventional imaging harbor a viable tumor.
Success or failure in a chemotherapy or radiation trial is generally based on the number of complete and partial responses observed. The effect of RFA is dissimilar to that of standard chemotherapy or radiation in that tumors do not shrink but are instead converted into a mass of necrotic, nonviable tissue. Therefore, the determination of success or failure with respect to RFA must be defined by nonprogression rather than shrinkage of the tumor. Thirteen participants had both preprocedure and postprocedure imaging studies, making them evaluable for the primary end point of the study. Eight of 13 participants in our trial were shown to have stable (nonprogressive) disease, suggesting potential benefit afforded by RFA in terms of local control of tumors. This did not translate into a survival advantage in our study, which likely indicates the multifactorial nature of death in this highly complex patient population with comorbidities and the debilitating effects of long-term cancer.
Eight of 11 patients who completed preprocedure and postprocedure questionnaires recorded an improved QOL score, indicating a potentially promising area for future study. Based on the limited data that we collected, subjective and QOL improvements after RFA were gratifying. The data were insufficient to quantitatively identify predictors of improved QOL, However, those with lower initial QOL scores, particularly when related to pain at the site of the tumor, seemed to benefit the most.
The 2 durable adverse events, 1 death and 1 stroke, were the most troubling outcomes of the study. Although it was understood by the investigators and the participants that RFA in the head and neck was a novel technique, that no other good treatment option was available, and that unforeseen complications were possible, these 2 outcomes caused us to reconsider the potential for harm. In fact, many unresectable cancer recurrences in the head and neck are near the carotid artery. Therefore, further studies, perhaps best performed in animals, are warranted to test the efficacy vs the tumor and the preservation of carotid integrity with decreased RFA energy.
COMMENT
Patients with recurrent and/or unresectable HNC who fail standard therapeutic options have very limited treatment alternatives. Despite advances in palliative chemotherapy and supportive care, these patients have a median survival of 7 months. 1 Reirradiation has been increasingly studied, and some encouraging outcomes indicate that this therapeutic option should be a strong consideration in selected patients with locoregionally recurrent HNC. 3, 4 Aggressive free flap reconstruction can be very successful in addressing the inevitable complications, such as osteoradionecrosis and fistula formation. 5 Still, the high morbidity and adverse effects on QOL that reirradiation causes must be discussed with each patient and a joint decision made as to whether it is an appropriate choice of therapy.
Radiofrequency ablation should not be considered an alternative to potentially curative salvage surgery or reirradiation. If a potential candidate for this trial was a candidate for curative salvage surgery or reirradiation and was willing to proceed despite the risks, RFA was not presented as an alternative. Radiofrequency ablation is in its infancy as a potential modality to treat HNC, with this article presenting the first substantial investigational series. Therefore, the participants in this study were either considered unfit for reirradiation or other curative therapies, or they were presented with these options and refused. Only then was the patient enrolled in our study as a participant.
The most challenging aspect of this study was the difficulty in obtaining consistent participant follow-up. Four participants came from considerable distances, making inperson follow up very difficult. However, the realities of their end-stage disease made it very challenging to arrange for and complete follow-up imaging and office visits. Nevertheless, efforts were made to contact participants and their local physicians to follow their status. Based on these conversations, uncontrolled locoregional disease was the exception rather than the rule for the participants. Therefore, it would seem unfair to assume that all participants who did not follow up properly were unable to do so because of progressive locoregional disease.
Although the missing data make interpretation of the results more difficult, the data generated by this study form an important foundation for further study of RFA as a palliative modality. It should be noted that even if one were to assume the worst case of the 8 participants without follow-up scans having progression of disease, then still 8 of 21 (38%) would have shown nonprogression of disease, an equivalent proportion compared with the reirradiation historical control group. One advantage of RFA compared with reirradiation is that it is a modality limited to single-session treatment. Our preliminary observations demonstrate that RFA may achieve local tumor control and improve QOL.
One clear advantage provided by RFA is that individuals who are experiencing the terrible symptoms of locally recurrent HNC can undergo a short, minimally invasive procedure resulting in an immediate improvement in their QOL. Our study suggests that RFA is feasible and may provide a meaningful interval of palliation in patients with recurrent advanced head and neck cancer who have no other treatment alternatives. Regression of a tumor, such as is seen with chemotherapy or radiation, was not observed. However, nonprogression of disease was documented in most evaluable patients after intervention. Clinically significant adverse sequelae were noted in 2 patients, which mandates that the current technique is not to be used for tumors on or near the carotid artery. Further study of this novel therapy is warranted. 
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